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ABSTRACT
Aim: To synthesise the evidence for effects of optimal breastfeeding on all-cause and
infection-related mortality in infants and children aged 0–23 months.
Methods: We conducted a systematic review to compare the effect of predominant, partial
or nonbreastfeeding versus exclusive breastfeeding on mortality rates in the first six months
of life and effect of no versus any breastfeeding on mortality rates between 6 and
23 months of age. A systematic literature search was conducted in PubMed, Cochrane
CENTRAL and CABI.
Results: The risk of all-cause mortality was higher in predominantly (RR 1.5), partially (RR
4.8) and nonbreastfed (RR14.4) infants compared to exclusively breastfed infants 0–
5 months of age. Children 6–11 and 12–23 months of age who were not breastfed had
1.8- and 2.0-fold higher risk of mortality, respectively, when compared to those who were
breastfed. Risk of infection-related mortality in 0–5 months was higher in predominantly
(RR 1.7), partially (RR 4.56) and nonbreastfed (RR 8.66) infants compared to exclusive
breastfed infants. The risk was twofold higher in nonbreastfed children when compared to
breastfed children aged 6–23 months.
Conclusion: The findings underscore the importance of optimal breastfeeding practices
during infancy and early childhood.
INTRODUCTION
Breastfeeding is one of the few interventions where the
survival benefits span the entire continuum of childhood:
newborn, infancy and early childhood. Both the World
Health Organization (WHO) and United Nations Chil-
dren’s Fund (UNICEF) recommend early initiation of
breastfeeding, exclusive breastfeeding during the first
6 months of life and continued breastfeeding until
24 months of age (1). Yet breastfeeding rates globally
generally remain low. Only 43% of the world’s newborns
are put to the breast within 1 h of birth and 40% of infants
aged 6 months or less are exclusively breastfed (2).
A number of reviews have evaluated the impact of
breastfeeding on child mortality. The Bellagio Child Sur-
vival Series, published in The Lancet in 2003, identified
optimal breastfeeding as the key intervention that could
prevent up to 13% of under-5 child deaths (3). Subsequent
reviews in the Lancet Neonatal Survival Series and Nutri-
tion series used the Lives Saved Tool (LiST) to model the
effect of scaling-up breastfeeding and reaffirmed the impor-
tance of breastfeeding in reducing neonatal, infant and child
mortality.
Recent estimates suggest that optimal breastfeeding could
prevent around 12% deaths in under-5 children every year,
Abbreviations
BF, Breastfeeding; CI, Confidence interval; FE, Fixed effect; HIV,
Human immunodeficiency virus; LiST, Lives Saved Tool; LMIC,
Low- and middle-income country; OR, Odds ratio; RCT, Ran-
domised control trial; RE, Random effects; RR, Relative risk; SE,
Standard error; UNICEF, United Nations Children’s Fund;
WHO, World Health Organization.
Key notes
 Infants 0–5 months of age who were predominantly,
partially or not breastfed had significantly higher risk of
all-cause and infection-related mortality compared to
exclusively breastfed infants.
 Children aged 6–23 months who were not breastfed
had higher risk of all-cause and infection-related mor-
tality than children who were continued on breastfeed-
ing.
 The better the breastfeeding practice, the higher the
protection. Even partial breastfeeding had modest
protective effect compared to no breastfeeding.
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amounting to around 800 000 lives in low- and middle-
income countries (LMICs) (4). However, the systematic
reviews that formed the evidence base for the estimates
were either restricted to a specific age group, such as
neonates (5), or examined the effect of breastfeeding on
specific infections such as pneumonia and diarrhoea. Such
a focused approach restricts the search of the available
literature as well as selection of studies, thereby risking the
exclusion of some studies that had reported on other
beneficial effects of breastfeeding. Here, we systematically
review the available literature and estimate the effects of
optimal breastfeeding on (i) all-cause mortality and (ii)
infection-related mortality in infants and children aged 0–
23 months.
METHODS
Objectives
To estimate the effect of suboptimal breastfeeding prac-
tices, namely predominant, partial or nonbreastfeeding in
the first 6 months of life compared to exclusive breast-
feeding and nonbreastfeeding between 6 and 23 months of
age compared to any breastfeeding on (i) all-cause mor-
tality and (ii) infection-related infant and child mortality
rates.
Types of studies
We included randomised controlled trials (RCTs), both
cluster randomised and quasi-randomised trials as well as
observational studies – prospective/retrospective cohort and
case–control – that had evaluated the effects of predominant/
partial/nonbreastfeeding in the first 6 months of life or the
effects of nonbreastfeeding beyond 6 months of life in infants
and children aged 6–23 months. Studies that reported all-
cause mortality or mortality due to infectious causes were
included. We excluded studies that provided information on
only one of the infectious causes (e.g. deaths due to diarrhoea
alone) or enrolled potentially HIV-exposed infants due to
risk of confounding by HIV status.
Types of participants
Studies that enrolled infants and children aged 2 years or
less were considered for inclusion.
Types of intervention/exposure
Exposure: Predominant, partial or nonbreastfeeding in first
6 months (objective 1); nonbreastfeeding between 6 and
23 months of age (objective 2).
Control: Exclusive breastfeeding in first 6 months of life
(objective 1); any breastfeeding between 6 and 23 months
of age (objective 2).
Outcomes and definitions
All-cause mortality and infection-related mortality were
evaluated in the following time periods: 0–5 months, 6–
11 months and 12–23 months of age. Infection-related
mortality included deaths due to any infection including
sepsis, meningitis, pneumonia, diarrhoea, measles, malaria,
etc. The current WHO definitions were used for classifying
breastfeeding exposure categories (6).
Search methods for identification of studies
We searched published literature from PubMed (Medline),
Cochrane Library and CABI Global Health databases to
identify studies examining the effects of breastfeeding on
neonate, infant or child mortality. Panel 1 provides the
search strategy used for searching PubMed. Similar terms
were used for searching the other databases. No language
restrictions were applied.
Three review authors (BS, RC and MJS) screened the
titles and abstracts independently to identify potentially
relevant citations. The full texts of all potentially relevant
articles were retrieved and independently assessed for
eligibility using predefined inclusion criteria, and data were
extracted. Any disagreements or discrepancies between
reviewers were resolved by discussion and, if necessary, by
consulting the fourth review author (ST).
Data extraction
For studies that met the final inclusion criteria, double-data
abstraction using standardised forms was performed to
capture study identifiers and context, study design and
limitations, intervention/exposure specifics (breastfeeding
categories as per WHO definitions (6) and outcome effects
(mortality). For each outcome, the total number of partic-
ipants and the number of participants experiencing an event
in different groups were extracted.
Statistical analysis
Data entry and meta-analysis were performed with user
written programs on Stata 11.2 software (StataCorp, Col-
lege Station, TX, USA). Pooled estimates of the outcome
measures were calculated from the relative risks (RR) and
95% confidence intervals (CI)/standard errors (SE) of the
individual studies by generic inverse variance method by
the user written ‘metan’ command in Stata. For studies that
provided odds ratios (OR), we converted the effect size to
RR and then used these in the meta-analysis, whenever
possible. The intention was to include the largest number of
studies for the analyses. We examined for heterogeneity
among the included studies by inspecting the forest plots
and quantifying the impact of heterogeneity using a mea-
sure of the degree of inconsistency in the studies’ results (I2
statistic). We used the fixed-effect model if the I2 statistic
was less than 60%; if the I2 was 60% or more, we used the
random-effects model providing no major causes for
heterogeneity could be identified.
Two separate analyses were performed to evaluate the
effects of suboptimal breastfeeding practices in infants aged
0–5 months and subsequent mortality. In the first, we com-
pared the effect of exclusive breastfeeding with other cate-
gories, strictly following the WHO definitions of
breastfeeding categories. In the second, we collapsed the
twobreastfeedingcategories–exclusiveandpredominant– to
form a combined category and then compared this with the
remaining categories in the 0- to 5-month age group.
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For infants aged 6 months and above, we derived two
estimates for all-cause mortality (6- to 11-month and 12- to
23-month time periods) and a single estimate for infection-
related mortality (6–23 months age). The proportion of
infectious deaths was available for all but two studies
(information provided in the study or obtained from the
study authors). For the remaining two studies, we assumed
the infection-related mortality to be 90% based on the study
setting and the data from other studies. (Panel S1 and
Table S1). We used the Guideline Development Tool
(GDT) developed by the GRADE Working Group for
assigning the quality of evidence (7).
RESULTS
We conducted the search in October 2014. Of the total
19 636 citations retrieved in the search, 18 874 were
excluded after screening the title. Of the remaining, 57
full-text articles were assessed for eligibility after screening
the abstract. Finally, a total of 13 articles were included in
the review (8–20) (Fig 1). Of these, nine were prospective
cohort studies, two were case–control studies, and two were
secondary analyses from RCTs. About half of the studies
were from Africa (n = 6), while the others were conducted
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Records idenfied through database 
searching using Search strategy  
(n=19636)
Unique arcles idenfied and tles screened 
(n = 18336) 
Irrelevant arcles excluded  
(n = 17574) 
Abstracts of arcles assessed for eligibility 
(n =  762 )
Arcles not eligible excluded 
(n =  685 ) 
Studies included in quantave synthesis  
(n = 13) 
Full-text arcles assessed for eligibility 
(n = 77) 
Excluded (n = 64): 
Systemac review/review: 16 
Study outcomes not relevant: 17 
Leer to editor/commentary/other study 
design: 6 
Insufficient data for meta-analysis: 11 
Age category or exposure group not defined or 
not relevant: 7 
Eligible but enrolled HIV exposed infants: 3 
Full text not available: 4 
Duplicates removed  
(n = 1330)
Figure 1 PRISMA Diagram.
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in Latin America (n = 2), South-East Asia (n = 5), Eastern
Mediterranean (n = 1) and the Western Pacific (n = 1)
regions (Table 1). One study reported data from three
different regions.
All-cause mortality
Table 2 depicts the pooled effects of respective breastfeed-
ing practices on all-cause mortality (Table S1 lists the
individual studies included under each comparison). When
compared to exclusively breastfed infants, predominantly
breastfed infants aged 0–5 months had 48% more risk of
mortality (RR 1.48, 95% CI 1.14–1.92, three studies); the
risk of mortality was almost threefold higher in partially
breastfed infants (RR 2.84, 95% CI 1.63–4.97, three
studies) and 14-fold higher in infants who were not
breastfed (RR 14.4, 95% CI 6.13–33.9; two studies) (Fig 2).
When the two breastfeeding categories – exclusive and
predominant – were combined and then compared with
other categories, infants who were partially breastfed and
not breastfed were found to have 2.3- and 2.5-fold higher
risk of mortality, respectively (Table 2). Compared to
breastfed infants and children 6–23 months of age, those
who were not breastfed had about 1.8- and 2.0-fold
increase in the risk of mortality in 6–11 months and 12–
23 months of age, respectively (Table 2).
Among all breastfeeding groups, there was a dose–
response relation between different breastfeeding exposure
categories and the risk of mortality. When compared to
predominantly and partially breastfed infants, those who
were not breastfed had 6.1- and 3.9-fold increase in the risk
of mortality in 0–5 months of age (Table 2).
Infection-related mortality
The pooled effects of respective breastfeeding practices on
infection-related mortality are provided in Table 3
(Table S2 enlists the individual studies included under each
comparison). When compared to exclusive breastfeeding,
predominant breastfeeding had a 70% higher risk of
infection-related mortality in infants aged 0–5 months (RR
1.7, 95% CI 1.18–2.45, three studies). The risk was 4.6- and
8.7-fold higher in partial and ‘nonbreastfeeding’ categories,
respectively. When compared to the combined category of
exclusive/predominant breastfeeding, infants who were
partially breastfed had a 3.2-fold higher risk while those
who were not breastfed had a 2.2-fold higher risk of
infection-related mortality at 0–5 months of age (Table 3).
Compared to breastfed infants and children 6–23 months of
age, those who were not breastfed had 2.1-fold increase in
the risk of mortality between 6 and 23 months of age (RR
2.09, 95% CI 1.68–2.60). The pooled effect did not differ
when studies in which the infection-related mortality was
derived from all-cause mortality were excluded (RR 2.26,
95% CI 1.71–3.0 vs. RR 1.85, 95% CI 1.31–2.62) (Fig. 3).
As observed with all-cause mortality, there was a dose–
response effect between the different breastfeeding cate-
gories and the infection-related mortality as well. Infants
who were not breastfed had 7.2- and 3.7-fold higher risks of
mortality at 0–5 months of age, when compared to pre-
dominantly and partially breastfed infants (Table 3).
Quality of evidence
Because of the type of studies included (cohort/case–
control) and the serious risk of bias, the quality of evidence
was very low to low for predominant/partial/nonbreast-
feeding vs. exclusive breastfeeding in 0–5 months, as well as
for the comparison of no vs. any breastfeeding at 6–
23 months of age with respect to all-cause and infection-
related mortality (Table 4).
DISCUSSION
The major findings of the review were (1) significantly
higher risks of all-cause and infection-related mortality with
suboptimal breastfeeding practices in the first 2 years of life,
(2) almost similar effect sizes for all-cause and infection-
related mortality and (3) a dose–response effect relation
among the different breastfeeding categories, with even
partial breastfeeding having a modest protective effect when
compared to nonbreastfeeding. The findings may not be
necessarily ‘new’ in the true sense: the findings rather
reaffirm and quantify the harmful effects of suboptimal
breastfeeding practices.
How different are the results of the present review from
those of the recently published reviews by Lamberti et al.
(21,22)? For all-cause mortality, there was virtually no
difference between our review and the previous reviews in
the individual comparisons of predominant, partial or
nonbreastfeeding with exclusive breastfeeding at 0–
5 months of age. All the reviews included the same studies,
so identical results are expected. In contrast, the estimated
Table 2 Effect of respective breastfeeding (BF) on all-cause mortality
BF practice Relative risk (95% CI) Number of studies*
Predominant, partial or no BF vs. exclusive BF in 0–5 months of age
Exclusive BF 1.0 –
Predominant BF 1.48 (1.13–1.92) 3
Partial BF 2.84 (1.63–4.97) 3
No BF 14.4 (6.13–33.9) 2
Partial, no BF vs. predominant BF in 0–5 months of age
Predominant BF 1.0 –
Partial BF 1.6 (1.09–2.33) 2
No BF 6.09 (3.57–10.4) 2
Partial, no BF vs. exclusive/predominant BF in 0–5 months of age
Exclusive or predominant BF 1.0 –
Partial BF 2.27 (1.66–3.1) 3
No BF 2.47 (1.86–3.3) 4
Partial vs. no BF in 0–5 months of age
Partial BF 1.0 –
No BF 3.89 (2.28–6.65) 2
Any vs. no BF in infants aged 6–23 months
Any BF 1.0 –
No BF 6–11 m 1.76 (1.28–2.41) 4
No BF 12–23 m 1.97 (1.45–2.67) 6
*Not all studies reported the respective infant feeding practices; the numbers
of studies contributing to each comparison therefore differed.
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effect sizes for the comparison of no versus any breastfeed-
ing at 6–23 months of age were quite different from that of
the previous reviews (Table S3). Our pooled effects were
more conservative: RR 1.76 (95% CI 1.28–2.41) and RR
1.97 (95% CI 1.45–2.67) at 6–11 and 12–23 months,
respectively, when compared to the reported effect sizes
of RR 5.66 (95% CI 1.86–17.2) and RR 2.23 (95% CI 0.65–
7.59) for the two time periods in a previous review (21). We
included more studies: four and six studies, respectively,
while the previous review had only one study each in the
two time periods.
The other outcome of the review – the effect of breast-
feeding practices on infection-related mortality – has not
previously been reported in earlier reviews (21,22). These
reviews reported only diarrhoea-specific or pneumonia-
specific mortality which precludes a direct comparison. The
pooled effect sizes for infection-related mortality seem to be
relatively modest when compared to that of diarrhoea-
specific mortality but not so when compared to that of
pneumonia-specific mortality (Table S3). The discrepancy is
possibly because (i) optimal breastfeeding practices are
more protective against diarrhoea-specific than pneumonia-
specific mortality (19) and (ii) pneumonia-specific mortality
being more common (23), infection-related mortality tends
to approximate its effect size rather than that of diarrhoea-
specific mortality.
The LiST model currently uses only the effect sizes of
pneumonia- and diarrhoea-specific mortality for evaluating
the impact of optimal breastfeeding practices. This
approach has its own pitfalls. It ignores the impact of
breastfeeding on other causes of mortality such as neonatal
sepsis, prematurity (particularly, necrotizing enterocolitis),
measles, sudden infant death syndrome (SIDS). The
currently used estimates are therefore likely to underesti-
Figure 2 Suboptimal versus optimal breastfeeding in infants aged 0–5 months and all-cause mortality.
Table 3 Effect of respective breastfeeding (BF) practices on infection-related
mortality
BF practice Relative Risk (95% CI) Number of studies
Predominant, partial or no BF vs. exclusive BF at 0–5 months of age
Exclusive BF 1.0 –
Predominant BF 1.7 (1.18–2.45) 3
Partial BF 4.56 (2.93–7.11) 3
No BF 8.66 (3.19–23.5) 2
Partial, no BF vs. predominant BF at 0–5 months of age
Predominant BF 1.0 –
Partial BF 2.64 (1.74–4.0) 3
No BF 7.16 (3.06–16.8) 2
Partial, no BF vs. exclusive/predominant BF at 0–5 months of age
Exclusive or predominant BF 1.0 –
Partial BF 3.21 (2.17–4.74) 3
No BF 2.17 (1.54–3.07) 4
Partial vs. no BF at 0–5 months of age
Partial BF 1.0 –
No BF 3.74 (1.63–8.59) 2
Any vs. no BF in infants aged 6–23 months
Any BF 1.0 –
No BF 6–23 months 2.09 (1.68–2.60) 9*
*9 studies providing data for 14 time periods.
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mate the potential lives saved by scaling-up optimal
breastfeeding practices in LMICs. In the current review,
we have attempted to estimate the effect size for mortality
due to any infection and not only due to diarrhoea or
pneumonia. Our estimate is more likely to take account of
‘other’ infections such as neonatal sepsis, measles or
malaria.
Having a more comprehensive effect size for infection-
related mortality also allowed us to compare the effect sizes
for all-cause and infection-related mortality. If optimal
breastfeeding practices were to prevent only mortality due
to infections and not due to other causes such as malfor-
mations, trauma and birth asphyxia, the effect size for all-
cause mortality should have been roughly half the effect size
for infection-related mortality [because infectious causes
other than AIDS account for only about 45% of under-5
mortality (23)], but our findings do not conform to the
expected results. The effect sizes for all-cause mortality
were almost the same as that of infection-related mortality
for most comparisons. This could be explained if the studies
included for estimating the pooled effects of all-cause
mortality and infection-related mortality were different;
differences in settings or baseline risks, for example, could
result in totally independent effect sizes for the two.
However, the studies included were mostly the same. The
finding therefore raises a larger question: Should we be
using the effect size for all-cause mortality instead of the
effect size for infection-related mortality (or pneumonia-/
diarrhoea-specific mortality) to estimate the potential lives
saved by optimal breastfeeding practices?
The quality of evidence was very low to low for both the
outcomes. Given the importance of the intervention, the
number of studies included in the review was also small
(only 13 studies). While the lack of randomised controlled
trials is understandable, the relative paucity of high-quality
observational studies on such a crucial topic is rather
baffling. There is an urgent need for large multicentre
studies to evaluate the effects of optimal breastfeeding
practices on both all-cause and infection-related mortality.
Strengths and limitations
Unlike previous reviews, we adopted a more inclusive
approach to have more studies including those cross-
referenced in the aforementioned reviews. Also, we esti-
mated the effect sizes for infection-related mortality as a
whole instead of focusing on only pneumonia- and
diarrhoea-specific mortality. Our review has major limita-
tions too. First, we did not include mortality due to
exposure to HIV. The estimated infection-related mortality
could still be an underestimate of the true effect, partic-
ularly in regions with high rates of deaths due to HIV
exposure. Second, due to practical difficulties, we could
not contact all the study authors to obtain the relative
risks for some of the comparisons. Instead, we used the
Figure 3 No vs. any breastfeeding in infants aged 6–23 months and infection-related mortality. NB: ‘Not converted’ refers to studies that directly reported infection-
related mortality, while ‘converted’ refers to those studies in which infection-related mortality was derived from the all-cause mortality and the proportion of infection-
related deaths in the respective studies (see text).
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values provided in the previously published reviews.
Because most of these values were unadjusted relative
risks, the quality of evidence assigned was only very low to
low. Third, for more than half of the studies included in
the comparison of no vs. any breastfeeding at 6–23 months
of age, we derived infection-related mortality from the all-
cause mortality. The approach has its limitation, but the
results of ‘sensitivity analysis’ including only those studies
that had reported infection-related mortality were not
much different from the overall results (Fig. 3).
CONCLUSIONS
The findings of the present review underscore the impor-
tance of optimal breastfeeding practices during infancy and
early childhood. The pooled effect sizes – particularly that
of infection-related mortality – obtained in the review could
be used to more accurately estimate the number of potential
lives saved by scaling-up the coverage of optimal breast-
feeding practices.
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Table 4 Grade profile summary for ‘Suboptimal breastfeeding vs. optimal breastfeeding practices’
Quality assessment
Effect
Quality ImportanceNo. of studies Study design Risk of bias Inconsistency Indirectness Imprecision RR (95% CI)
All-cause mortality (0–5 months); Predominant vs. exclusive breastfeeding
3 Cohort/secondary analyses
from RCTs
Serious* Not serious Not serious Not serious RR 1.48 (1.13–1.92) ⊕⊕◯◯
LOW
CRITICAL
All-cause mortality (0–5 months); Partial vs. exclusive breastfeeding
3 Cohort/secondary analyses
from RCTs
Serious* Not serious† Not serious Not serious RR 2.84 (1.63–4.97) ⊕⊕◯◯
LOW
CRITICAL
All-cause mortality (0–5 months); No vs. exclusive breastfeeding
2 Cohort/secondary analysis
from RCTs
Serious* Not serious† Not serious Not serious RR 14.4 (6.13–33.8) ⊕⊕◯◯
LOW
CRITICAL
All-cause mortality (6–11 months); No vs. any breastfeeding
4 Cohort/case–control Very serious*,‡ Not serious† Not serious Not serious RR 1.76 (1.28–2.41) ⊕◯◯◯
VERY LOW
CRITICAL
All-cause mortality (12–23 months); No vs. any breastfeeding
6 Cohort/case–control Very serious*,‡ Not serious Not serious Not serious RR 1.97 (1.45–2.67) ⊕◯◯◯
VERY LOW
CRITICAL
Infection-related mortality (0–5 months); Predominant vs. exclusive breastfeeding
3 Cohort/secondary analyses
from RCTs
Serious* Not serious Not serious Not serious RR 1.70 (1.18–2.45) ⊕⊕◯◯
LOW
CRITICAL
Infection-related mortality (0–5 months); Partial vs. exclusive breastfeeding
3 Cohort/secondary analyses
from RCTs
Serious* Not serious Not serious Not serious RR 4.56 (2.93–7.11) ⊕⊕◯◯
LOW
CRITICAL
Infection-related mortality (0–5 months); No vs. exclusive breastfeeding
2 Cohort/secondary analysis
from RCTs
Serious* Not serious Not serious Not serious RR 8.66 (3.19–23.5) ⊕⊕◯◯
LOW
CRITICAL
Infection-related mortality (6–23 months); No vs. any breastfeeding
9 Cohort/case–control Very serious*,‡ Not serious Not serious Not serious RR 2.09 (1.68–2.60) ⊕◯◯◯
VERY LOW
CRITICAL
*Limitations in analysis (unadjusted RR used in the review).
†Moderate heterogeneity (I2>60%) but effects of all studies in same direction.
‡Reverse causality in some of the studies.
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